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Abstract
CD8
+ T cells play an essential role in immunity against intracellular pathogens with cytotoxicity being considered their major effector mechanism. However, we here demonstrate that a major part of central and effector memory CD8 + T cells expresses 
Material & Methods
Human cell preparation
This study was conducted in accordance with the Declaration of Helsinki. Human blood was obtained from healthy volunteers, including individuals who received after informed consent the attenuated YFV-17D vaccination (Stamaril, Sanofi Pasteur).
PBMCs were separated from heparinized whole blood using Ficoll-Hypaque (PAA) gradient and were cultured in RPMI 1640 medium (Gibco) supplemented with 100 U/ml penicillin, 0.1 mg/ml streptomycin, 0.3 mg/ml glutamine and 10% inactivated human AB serum (PAA). All experiments followed protocols approved by the local authorities. Mice were challenged at 6-12 weeks of age and sacrificed at indicated time points.
Mice and cell preparation
Single-cell suspensions were obtained from spleens or lymph nodes (LN) and were cultured in RPMI medium supplemented with 100 U/ml penicillin, 0.1 mg/ml streptomycin, 0.3 mg/ml glutamine, 10% inactivated FCS (PAA) and 50
All animal experiments were performed in accordance with the German laws and permission from the local authorities.
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Antibodies
The following antibodies (clones) conjugated to FITC, PE, PerCP, APC, APC-Cy7, PE-Cy7, Alexa488, eFlour605 or PacBlue were purchased from listed companies.
αmCD4 (RM4-5), αmCD8 (53-6.7); R&D: αhCCR7 (150503); Immunotech: αCD127
(MEL-14); Biolegend: αhCD40L (24-31), αhCD57 (HCD57), αhIFNγ (B27), αhPerforin (dG9), αmCD3 (145-2C11), αmCD8 (53-6.7), αmCD44 (IM7), αmCD11b (M1/70), αmMHC-II (M5/114.15.2), αmCD80 (16-10A1), αmCD45.1 (A20). All conjugates were titrated to determine their optimal dilution. To avoid Fc-receptor binding, human cells were stained in the presence of 1 mg/ml Beriglobin (Sanofi-Aventis) and murine cells with 2 µg/ml αmFcγ-receptor (2.4G2).
Flow cytometry, cell sorting and stimulation
Enrichment of human or mouse T cells was performed using appropriate Microbeads (Miltenyi Biotec). The purity was checked routinely using FACS and was 95% or higher. For isolation of specific populations, CD8 + T cells were stained for 10 min for differentiation markers, and were subsequently sorted with a FACS Aria (BD). For the 6 cells/ml) were stimulated polyclonally at 37°C for 6h with 10 ng/ml PMA and 1 µg/ml Ionomycin (P/I) (Sigma-Aldrich) in the presence of 1 µg/ml αCD40 (G28.5) for the assessment of extracellular CD40L expression or with 2 µg/ml brefeldin A (Sigma-Aldrich) for intracellular staining 14 . For the analysis of human antigen-specific T cells, 5x10 6 PBMCs were stimulated for 6h at 37°C with 1 µg 
In vitro APC co-cultures and stability
For the APC co-cultures, the CD8 + and CD4 + T cell subsets were sorted with MACS and FACS and were stimulated with P/I before the cells were sorted for CD40L
expression. The sorted fractions were irradiated with 30 Gy and 10 5 T cells were cocultured at 37°C in 96-well plates (Greiner) with 2x10 4 CFSE-labeled B cells. B cells
were purified using αhCD19-Microbeads (Miltenyi Biotec) and labeled using 5 µM CFDA (Invitrogen). On d8, the supernatant was collected for IgM-and IgG-ELISA, and the CFSE dilution of CD3 -CD19 + cells was analyzed by FACS. The ELISAs were performed as described previously 16 .
Similarly, the sorted T cell subsets were co-cultured at a ratio of 5:1 for 36h at 37°C
with immature (CD83 -) monocyte derived DCs (moDCs). The moDCs were generated as previously described 17 . Maturation was measured according to CD83 expression by moDCs. Both co-cultures were performed with and without 10 µg/ml of blocking α hCD40L (5c8). Additionally, DCs were cultured with 10 µg/ml α hCD40. The supernatant concentrations of cytokines were measured on LSRII with a bead array (eBioscience).
To test the capability to re-express CD40L, CD3
-memory T cells were sorted using MACS and FACS and were stimulated with P/I before the cells were sorted for CD40L expression. The sorted T cells were labeled using 5 µM CFDA and cultured with and without rhIL-2 and rhIL-12 (both 10 ng/ml, Miltenyi Biotec). On d7, the cells were restimulated with P/I and stained for surface CD40L.
Microarray analysis
Isolated RNA was subjected to quality control with an Agilent 2100 Bioanalyzer and quantification with a NanoDrop ND-1000 spectrophotometer as previously described 18 , cDNA were hybridized to Affymetrix HG U133 Plus2.0 GeneChips.
Genearray analysis was performed using R (R Core Team (2012 
Results
Human CD40L + CD8 + T cells represent memory cells
At first we analyzed whether distinct subsets of human CD8 + T cells characterized by differential expression of CD45RA and CCR7 express CD40L after polyclonal stimulation [20] [21] [22] . On average 25% of both central memory (CCR7 + CD45RA -) and effector memory (CCR7 -CD45RA -) CD8 + T cells expressed CD40L ( Figure 1A-B (Figure 2A-B Expression of CD40L was therefore difficult to detect, or its actual expression level may have been underestimated due to these limitations. Employing methods, previously established by us 14 30 , we here show directly that CD40L expression is a feature of a distinct prominent subset of memory CD8 + T cells functionally resembling
Putative helper properties of CD8 + T cells were first postulated in the early 2000s [31] [32] [33] .
Later it was reported that lack of CD40L by CD8 + T cells leads to diminished T cell responses in the absence of CD4 + T helper cells 34 . Based on studies using blocking 
